Abstract-Friction Stir Welding (FSW) is a solid state welding method and is common for aluminum alloys. There have been many studies to apply this process for high melting materials such as steels and titanium. To make it applicable, there are many variables that must be considered, which one of them is FSW speed. Welding on high melting materials such as steels and titanium with traditional methods needs too high energy, many welders, electrodes, and generally is time consuming. By using friction stir welding, cost would be reduced on consumable materials, welders and energy. However, considerations of feasibility and different conditions for optimizing the method are so important. In this review paper, the main discussion was about stainless steel 304L and investigated the effects of friction stir welding speeds. Finally, a brief discussion was presented to summarize the effects of speed on friction stir welding.
I. INTRODUCTION
Stainless steels are engineering materials. Their corrosion resistance is high and this resistance arises from high amount of Chromium. In order to define the stainless steel, it can be said that the base alloy for this material is iron which contains a minimum of %11 Chromium (Cr) [1] . The stainless steels are divided into five categories: austenitic, ferritic, duplex, precipitation hardening and martensitic. The material that would be discussed in this review is stainless steel 304L which falls into the austenite category. According to The Welding Institute (TWI) the standard code of 304L from American Iron and Steel Institute (AISI) is commonly used in pressure vessels and weldability of this code examined by friction stir welding.
One of the non-fusion welding methods that was invented by The Welding Institute (TWI) in UK in 1991 is Friction Stir Welding (FSW) [2] . The application of this method is in Marine, Aerospace, Automotive, Rail and construction. This process was developed for Al, Mg, Cu, Zn and demonstrated in Steels, Ti, Ni [3] . This invention is a big success for Aluminium alloys joints and low melting temperature materials. By this process there is no need for filler metals, better joint strengths, distortion and residual stresses are decreased. Fig. 1 Mohammad Nassir Sheikholeslam is with the Department of Industrial Engineering from Umiversiti Putra Malaysia. It is notable that Friction Stir Welding has many uses for aluminium and also extensive research in this field has been done. Using this method to other metals, particularly stainless steels will help in production efficiency. Hence, in this review the main discussion is about stainless steel 304L to investigate the effects of friction stir welding speeds.
In FSW there are two important factors, tool rotating (, pm) and travel speed (, mm/min).It is very obvious that high and low speed would cause problems in joining the material. For instance, high speed would cause lack of penetration and also lack of material aggregation, On the other hand too hot processing conditions can cause flash formation or nugget collapse. While, under too cold condition insufficient flowing or lack of fill would occur on the advancing side [4] .In general, because the heat generated would create by the friction between the tool and base metal, speed of the tool and finally welding speed is very important to consider. Many scholars did their researches on thermal issues and heat generation on the stainless steels that their results can be effective in this process. According to findings in Reynolds et al. [5] , residual stress of 304L stainless steel in FSW, are the same in character and magnitude with fusion welding. Furthermore, lower energy input due to lower tool rotation would conclude to lower weld temperature and a fine weld nugget grain size. Cho et al. [6] , examined FSW on 409 stainless steel that is kind of ferritic by Polycrystalline Cubic Boron Nitride (PCBN) tool, they found that fine grain microstructure was settled by dynamic recrystallization because of high heat generation and shear deformation. Jata, Semiatin. [7] , Heitz and Skrotzki. [8] have proposed that stainless steels type 304 and 304L have lower stacking fault energy. Sato et al. [9] have examined recrystallization in type 304L and found that the first is dynamic recrystallization during intense deformation that in conclusion disparate distribution of dislocation density is achieved within structure. Park et al. [10] found that stir zone and Thermo Mechanically Affected Zone (TMAZ) was dynamically recrystallized. T. Saeid et al [11] found that increase in welding speed decreases the recrystallized grain size. 
II. LITERATURE REVIEW AND DISCUSSION
FSW is a thermo-mechanical phenomenon, there is much material motion and shear force and also the temperature will increase to below the melting point [12] , [13] .Friction Stir Welding is a process that is strongly influenced by heat generation and heat flow [14] . Contact between tool and workpiece due to rotating tool and travel along the weld can make friction that is cause of heat generation in FSW. Tool of welding as mentioned before consists of pin and shoulder that the surface of shoulder can generate majority of heat [12] .
Austenitic stainless steels have a good ductility, high strength, corrosion resistance, and also good weldability hence; it is popular in use and also has been the focus of researches [15] . It is important that the flow, ductility and work hardening of 304L are affected by the strain rate [15] . According to prior studies friction stir welding on stainless steels type 304 and 304L have good recrystallized grain in stir zone [16] . During the welding friction between the tool and work piece and also plastic deformation are cause of heat generation [17] .
High speed rotating tool causes more heat due to friction. The point that should be considered is that for high melting material like as stainless steels in this process preheating is one of the factors for making suitable plastic area [18] .
Arbegast [19] represented an equation for maximum FSW process temperature that indicates the effects of rotational and welding speeds on the welding temperature. 
where T is the FSW temperature (C), m T is the melting temperature of the sheet material (C),  and k are two defined constants and also  and  are the tool rotational and welding speeds respectively. Referred to (1), the FSW process temperature is related to the  2 / ratio. It means that increasing the rotational speed at a constant welding speed or decreasing the welding speed at a constant rotational speed leads to a higher welding temperature. It also indicates that the variations of tool rotational speed have higher effects on the process temperature than the welding speed variations [19] and [20] .
On the other hand too hot processing conditions can cause flash formation or nugget collapse. While, under too cold condition insufficient flowing or lack of fill would occur on the advancing side [21] .
Frictional heat calculated by = which V=2RN and  is the friction coefficient between the tool and work piece, and n F is the normal force applied to the work piece. In velocity equation, R is distance of calculated point from the tool axis and N is the rotational speed of the tool [22] .
It is obvious that rotational and traveling speeds are main factors in heat generation and also heat input issues. The relation between speeds and heat input is complex during FSW. Too much or too low heat input affect the weld quality. If the heat input is too low, suitable plastic conditions prevented that causing voids during welding and in extreme cases the tool may break. On the other hand, with high heat input weld properties are excessively deteriorated. Generally, lower heat input in friction stir welding cause improve mechanical properties as well as decreased distortion and residual stress [24] .
According to [23] , [25] , following equation describing the heat input during the FSW:
where Q is the heat input per unit per length,  is the heat input efficiency, R is the radius of the shoulder, and  is the friction coefficient. Result to the equation by increasing the traveling speed  and decreasing the rotation speed, heat input Q would decreases. Also, peak temperature decreases by increasing welding speed at a constant tool rotation speed. The other factor that can help for understanding the FSW and specially have a role in determining the speed of welding is strain rate, which is important to understand the material flow in stir zone. Thus, many researches have tried to find strain rate during FSW [21] .According to prior studies friction stir welding on stainless steels type 304 and 304L have good recrystallized grain in stir zone [10] , [16] .
Welding variables can be named rotational speed of tool, vertical pressure on the tool, tilt angle of the tool, and design of the tool, which independent and also have main role in FSW process. The other variables that are depending on the above variables are: the rate of heat generation, cooling rate, force in X direction, and torque [17] .
III. CONCLUSION
According to aforementioned studies, increase in welding speed will reduce the recrystallized grain size. Also, more heat will be caused by high speed rotating tool due to friction. It is notable that for high melting material like as stainless steels in FSW, to make a suitable plastic area, preheating is one of the key factors.
The main factors in heat generation and heat input issues are rotational and traveling speeds. The relation between speeds and heat input is complex during FSW. If the heat and temperature are too much or too low, heat input will affect the weld quality. If the heat input is too low, suitable plastic conditions will be prevented and will cause voids during welding and eventually, in extreme cases, the tool may break. Generally, lower heat input in friction stir welding cause improve mechanical properties as well as decreased distortion and residual stress. The other factor that can help to understand the FSW, which has a special role in determining the speed of welding, is strain rate, which is essential to understand the material flow in stir zone. Thus, in many studies, scholars have tried to find strain rate during FSW.As stated before, friction stir welding on stainless steels type 304 and 304L have good recrystallized grain in stir zone.
